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(57) ABSTRACT 
A Substrate for an organic light-emitting device which can 
improve the light extraction efficiency of an organic light 
emitting device while realizing an intended level of transmit 
tance, a method of fabricating the same, and an organic light 
emitting device having the same. Light emitted from the 
OLED is emitted outward through the substrate. The sub 
strate includes a substrate body and a number of crystallized 
particles disposed inside the substrate body, the number of 
crystallized particles forming a pattern inside the Substrate 
body. 

8 Claims, 4 Drawing Sheets 
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1. 

METHOD OF FABRICATING SUBSTRATE 
FOR ORGANIC LIGHT-EMITTING DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

The present application claims priority from Korean Patent 
Application Number 10-2013-0050552 filed on May 6, 2013, 
the entire contents of which are incorporated herein for all 
purposes by this reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Substrate for an organic 

light-emitting device, a method of fabricating the same, and 
an organic light-emitting device having the same, and more 
particularly, to a Substrate which can improve the light extrac 
tion efficiency of an organic light-emitting device while real 
izing an intended level of transmittance, a method of fabri 
cating the same, and an organic light-emitting device having 
the same. 

2. Description of Related Art 
In general, an organic light-emitting diode (OLED) 

includes an anode, a light-emitting layer and a cathode. When 
a Voltage is applied between the anode and the cathode, holes 
are injected from the anode into a hole injection layer and then 
migrate from the hole injection layer through a hole transport 
layer to the organic light-emitting layer, and electrons are 
injected from the cathode into an electron injection layer and 
then migrate from the electron injection layer through an 
electron transport layer to the light-emitting layer. Holes and 
electrons injected into the light-emitting layer recombine 
with each other in the light-emitting layer, thereby generating 
excitons. When the excitons transit from an excited state to a 
ground State, light is emitted. 

Organic light-emitting displays including an OLED are 
divided into a passive matrix type and an active matrix type 
depending on the mechanism that drives the N*M number of 
pixels which are arranged in the shape of a matrix. 

In an active matrix type, a pixel electrode which defines a 
light-emitting area and a unit pixel driving circuit which 
applies a current or Voltage to the pixel electrode are posi 
tioned in a unit pixel area. The unit pixel driving circuit has at 
least two thin-film transistors (TFTs) and one capacitor. Due 
to this configuration, the unit pixel driving circuit can Supply 
a constant current irrespective of the number of pixels, 
thereby realizing uniform luminance. The active matrix type 
organic light-emitting display consumes little power, and thus 
can be advantageously applied to high definition displays and 
large displays. 
When light generated by an OLED having an internal 

emission efficiency of 100% exits through, for example, a 
transparent conductive film made of indium tin oxide (ITO) 
and a glass Substrate, its efficiency is about 17.5% according 
to Snell's Law. This decreased efficiency has a significant 
effect on the reduction in the internal and external luminous 
efficiencies in the organic light-emitting device using the 
glass Substrate. In order to overcome this, the #transmittance 
efficiency is increased by increasing optical light extraction 
efficiency. Accordingly, a number of methods for increasing 
the optical light extraction efficiency are underway. 

Light extraction techniques of the related art include a 
technique of treating a surface having a texture structure on a 
glass plate, the technique of applying microspheres to a glass 
Surface on which ITO is deposited, the technique of applying 
micro-lenses on the glass Surface on which ITO is deposited, 
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2 
the technique of using a mesastructure, the technique of using 
silica aerogel on ITO and the glass Surface, and the like. 
Among these techniques, the technique of using silica aerogel 
had the effect of increasing the quantity of light by 100%. 
However, silica aerogel is very sensitive to moisture and is 
unstable, thereby resulting in the reduced longevity of the 
device. Accordingly, it was impossible to commercially use 
this technique. 

In addition, although the technique of using the micro 
lenses or mesa structure increased the external light effi 
ciency, the fabricating cost was greatly increased. This con 
sequently causes the problem of low practicability. In 
addition, in the technique of using microspheres, no increase 
in the external luminous efficiency appeared but only the 
wavelength was changed due to the dispersion of light. There 
fore, the method of using the texture structure that has 
brought the efficiency increase of 30% to the organic light 
emitting device is most advantageous in terms of the longev 
ity and cost of the device. However, since glass is amorphous, 
it is very difficult to form the texture structure having a certain 
shape on the glass plate. In addition, even if the texture is 
formed on the glass plate, the flatness is lowered by the 
texture. Consequently, the texture structure is also formed on 
the Surface of the anode that adjoins to the glass plate, 
whereby leakage current occurs. This consequently creates 
many problems in the structure or process. For example, 
when the texture structure is applied for internal light extrac 
tion, an additional planarization film is required. 
The information disclosed in the Background of the Inven 

tion section is provided only for better understanding of the 
background of the invention, and should not be taken as an 
acknowledgment or any form of suggestion that this informa 
tion forms a prior art that would already be known to a person 
skilled in the art. 

RELATED ART DOCUMENT 

Patent Document 1: U.S. Pat. No. 8,096,147 (Jan. 17, 
2012) 

BRIEF SUMMARY OF THE INVENTION 

Various aspects of the present invention provide a substrate 
for an organic light-emitting device or a Substrate which can 
improve the light extraction efficiency of an organic light 
emitting device while realizing an intended level of transmit 
tance, a method of fabricating the same, and an organic light 
emitting device having the same. 

In an aspect of the present invention, provided is a Substrate 
for an organic light-emitting device through which light emit 
ted from the OLED is emitted outward. The substrate 
includes a Substrate body and a number of crystallized par 
ticles disposed inside the substrate body, the number of crys 
tallized particles forming a pattern inside the Substrate body. 

According to an embodiment of the present invention, the 
pattern may occupy an area ranging from 50 to 90% of the 
substrate body. 
The particle size of the number of crystallized particles 

may range from 10 to 100 nm. 
The Substrate body may be made of photosensitive glass. 
The substrate body may be made of lithium silicate-based 

glass to which a photosensitive metal is added. 
The refractive index of the substrate may be 1.65 or greater. 
The transmittance of the substrate may be 50% or higher. 
In another aspect of the present invention, provided is a 

method of fabricating a substrate for an organic light-emitting 
device. The method includes the following steps of preparing 
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a photosensitive glass Substrate; disposing a photomask hav 
ing a light-transmitting pattern over the photosensitive glass 
Substrate; exposing the photosensitive glass Substrate to 
radiation through the photomask; and heat-treating the pho 
tosensitive glass Substrate that has been exposed to radiation, 
forming a number of patterned crystallized particles inside 
the photosensitive glass Substrate. 

According to an embodiment of the present invention, the 
photosensitive glass Substrate may be made of lithium sili 
cate-based glass to which a photosensitive metal is added. 

In a further aspect of the present invention, provided is an 
organic light-emitting device including the above-mentioned 
Substrate as a light extraction Substrate through which light 
generated therefrom is emitted outward. 

According to embodiments of the present invention, it is 
possible to control the refractive index of the substrate and the 
size of crystallized particles inside the substrate through heat 
treatment to the substrate. Since light generated from the 
OLED is scattered through the crystallized particles inside 
the Substrate while passing through the Substrate, the light 
extraction efficiency of the organic light-emitting device is 
increased and the transmittance of the Substrate can be real 
ized. 

In addition, it is possible to improve the light extraction 
efficiency by increasing the transmission of light that propa 
gates Straight by arranging the crystallized particles into a 
specific pattern. 

Furthermore, since the Substrate made of transparent crys 
tallization glass having a high Surface flatness serves not only 
as an external light extraction layer but also as an internal light 
extraction layer of an organic light-emitting device, it is pos 
sible to further simplify the structure over a conventional 
organic light-emitting device in which an external light 
extraction layer and an internal light extraction layer are 
formed on both surfaces of a glass Substrate. Accordingly, it is 
possible to realize structural firmness and preclude the exter 
nal and internal light extraction layers and the planarization 
film that would otherwise be provided separate from the glass 
Substrate, thereby simplifying the fabrication process and 
reducing the fabrication cost. 

In addition, when the Substrate made of transparent crys 
tallization glass is applied for a light extraction Substrate of an 
organic light-emitting device, it is possible to reduce power 
consumption of the organic light-emitting device through the 
improved light extraction efficiency of the organic light-emit 
ting device. This can consequently minimize heat generation, 
thereby increasing the longevity of the organic light-emitting 
device. 
The methods and apparatuses of the present invention have 

other features and advantages which will be apparent from, or 
are set forth in greater detail in the accompanying drawings, 
which are incorporated herein, and in the following Detailed 
Description of the Invention, which together serve to explain 
certain principles of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view schematically showing a 
Substrate for an organic light-emitting device and an organic 
light-emitting device having the same according to an exem 
plary embodiment of the invention; 

FIG.2 is a top plan view showing the Substrate according to 
an exemplary embodiment of the invention; 

FIG. 3 is a picture taken from the surface of a substrate 
according to an exemplary embodiment of the invention; 
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4 
FIG. 4 is a process flowchart showing a method of fabri 

cating a Substrate according to an exemplary embodiment of 
the invention; 

FIG. 5 to FIG. 7 are process views schematically showing 
the sequence of the method of fabricating a substrate accord 
ing to an exemplary embodiment of the invention; and 

FIG. 8 is pictures of a substrate that was crystallized after 
being exposed to radiation in the method of fabricating a 
Substrate according to an exemplary embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to a substrate, a 
method of fabricating the same, and an organic light-emitting 
device having the same according to the present invention, 
embodiments of which are illustrated in the accompanying 
drawings and described below, so that a person skilled in the 
art to which the present invention relates can easily put the 
present invention into practice. 

Throughout this document, reference should be made to 
the drawings, in which the same reference numerals and signs 
are used throughout the different drawings to designate the 
same or similar components. In the following description of 
the present invention, detailed descriptions of known func 
tions and components incorporated herein will be omitted 
when they may make the Subject matter of the present inven 
tion unclear. 
As shown in FIG. 1 and FIG. 2, a substrate 100 according 

to an exemplary embodiment of the invention is one of a pair 
of Substrates of an organic light-emitting device which face 
each other and are bonded to each other to encapsulate the 
OLED 1. The substrate 100 is disposed on or bonded to one 
surface of the OLED1, more particularly, the front surface of 
the OLED 1 through which light generated from the OLED 1 
is emitted outward. The substrate 100 serves to protect the 
OLED 1 from external environment and acts as a path along 
which the light generated by the OLED 1 is extracted out 
ward. 

According to this exemplary embodiment, the Substrate 
100 is applied as a light extraction layer that improves the 
light extraction efficiency of the organic light-emitting 
device. Since the surface of the substrate 100 has a high level 
of flatness, the substrate 100 serves as both an internal light 
extraction layer and an external light extraction layer which 
are separate layers in the related art. 
The OLED 1 has a multilayer structure which is sand 

wiched between the substrate 100 according to this exem 
plary embodiment and an encapsulation Substrate which 
faces the Substrate 100, and includes an anode 11, an organic 
light-emitting layer 12 and a cathode 13 which are stacked 
one on another. The anode 11 can be made of a metal. Such as 
gold (Au), indium (In), tin (Sn), or a metal oxide, Such as 
indium tin oxide (ITO), which has a significant work function 
in order to facilitate the hole injection. The cathode 13 can be 
made of a metal having a smaller work function in order to 
facilitate the electron injection. In a top emission type organic 
light-emitting device, the cathode can have a multilayer struc 
ture that includes a semitransparent electrode of a metal thin 
film made of Al, Al:Li or Mg: Ag and a transparent electrode 
of an oxide thin film made of, for example, indium tin oxide 
(ITO) in order to facilitate the transmission of light generated 
from the organic light-emitting layer. Although not shown in 
detail in the figures, the organic light-emitting layer 12 can 
include a hole injection layer, a hole transport layer, a light 
emitting layer, an electron transport layer and an electron 
injection layer which are sequentially stacked on the anode 
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11. With this structure, when a forward voltage is applied 
between the anode 11 and the cathode 13, electrons from the 
cathode 13 migrate to the light-emitting layer through the 
electron injection layer and the electron transport layer, and 
holes from the anode 11 migrate to the light-emitting layer 
through the hole injection layer and the hole transport layer. 
The electrons and holes that have migrated into the light 
emitting layer recombine with each other, thereby generating 
excitons. When these excitons transit from an excited state to 
a ground state, light is emitted. The brightness of the light 
emitted is proportional to the amount of current that flows 
between the anode 11 and the cathode 13. 

The substrate 100 according to this exemplary embodi 
ment includes a substrate body 110 and a number of crystal 
lized particles 120. 
The substrate body 110 allows the light generated from the 

OLED 1 to pass through it while protecting the OLED from 
the external environment. The number of crystallized par 
ticles 120 is disposed inside the substrate body 110. The 
substrate body 110 can be made of photosensitive glass. For 
instance, the substrate body 110 can be made of lithium 
silicate-based glass. An oxide. Such as CeO2 or Al2O, or a 
metal. Such as Ag or Sb, can be added to the lithium silicate 
based glass, thereby making the substrate body 110 photo 
sensitive. The reason why the substrate body 110 is made of 
the photosensitive glass is to form and pattern the crystallized 
particles 120 inside the substrate body 110 through exposure, 
which will be described in detail later in relation to the 
method of fabricating a substrate. 

According to this exemplary embodiment, since the Sub 
strate body 110 is made of the lithium silicate-based glass 
having the above-mentioned composition, the refractive 
index of the substrate body 110 is 1.65 or greater after heat 
treatment for crystallization. As such, when the substrate 
body 110 has a high refractive index, the light generated from 
the OLED 1 can be more easily extracted. 

The number of crystallized particles 120 is disposed inside 
the substrate body 110. The number of crystallized particles 
120 is formed inside the substrate body 110 through the 
exposure and heat treatment of the substrate body 110 made 
of photosensitive glass. The process of heat-treating the Sub 
strate body 110 having an amorphous structure forms crys 
talline structures inside the substrate body 110. The crystal 
lized particles 120 serve to scatter the light generated from the 
OLED1, thereby improving the light extraction efficiency of 
the organic light-emitting device. 

According to this exemplary embodiment, the size of the 
crystallized particles 120 may range from 10 to 100 nm. If the 
size of the crystallized particles 120 is smaller than 10 nm, the 
light-scattering ability of the crystallized particles 120 is low 
ered, thereby lowering the light extraction efficiency. In con 
trast, if the size of the crystallized particles 120 is greater than 
100 nm, the transmittance is lowered, thereby lowering the 
efficiency of light that propagates straight. 

According to this exemplary embodiment, the number of 
crystallized particles 120 forms a pattern inside the substrate 
body 110. The substrate body 110 is made of photosensitive 
glass in order to pattern the number of crystallized particles 
120 which is formed during the crystallization process. When 
the number of crystallized particles 120 is patterned into a 
predetermined geometry, it is possible to further increase the 
transmission of light that propagates straight. 

According to this exemplary embodiment, the pattern com 
posed of the number of crystallized particles 120 is present in 
50 to 90% of the area of the substrate body 110. That is, the 
substrate body 110 has a crystallinity ranging from 50 to 90%. 
At a crystallinity of the substrate body 110 less than 50%, the 
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6 
light extraction efficiency of the organic light-emitting device 
is lowered. At a crystallinity of the substrate body 110 greater 
than 90%, the transmittance of the substrate body 110 is 
lowered. The pattern of the number of crystallized particles 
120 can be a lattice pattern or a variety of other patterns such 
as an irregular pattern. 
As shown in FIG. 2 and FIG. 3, as the number of crystal 

lized particles 120 is patterned, the substrate body 110 is 
divided into two areas, i.e. a patterned area 111 and a non 
patterned section 112. The patterned area 111 is the area 
where the number of crystallized particles 120 is densely 
populated, and serves to Scatter the light generated from the 
OLED 1. The non-patterned area 112 is composed of an 
amorphous structure that is not crystallized, and serves to 
increase the transmission of light that propagates Straight 
such that the substrate body 110 can attain a predetermined 
level of transmittance, for example, a transmittance of 50% or 
greater. 
As described above, the substrate 100 including the sub 

strate body 110 and the number of crystallized particles 120 
which is patterned inside the substrate body 110 can not only 
improve the light extraction layer for the light generated from 
the OLED 1 but also realize an intended level of transmit 
tance. Since the light-scattering structure is located inside the 
substrate body 110, the surface of the substrate 100 forms a 
high-flatness Surface having a surface roughness of 1 um or 
less. Accordingly, the Substrate 100 according to this exem 
plary embodiment can serve not only as an external light 
extraction layer but also as an internal light extraction layer of 
the organic light-emitting device. 

In addition, the substrate 100 according to this exemplary 
embodiment applied as a light extraction layer of the organic 
light-emitting device can improve the light extraction effi 
ciency of the organic light-emitting device, thereby reducing 
the power consumption of the organic light-emitting device. 
This can consequently minimize heat generation, thereby 
increasing the longevity of the organic light-emitting device. 

Reference will not be made to a method of fabricating a 
Substrate according to an exemplary embodiment of the 
invention in conjunction with FIG. 4 to FIG. 8. 
As shown in FIG. 4, the method of fabricating a substrate 

according to this exemplary embodiment includes a substrate 
preparation step S1, a photomask positioning step S2, an 
exposure step S3 and a crystallized particle forming step S4. 

First, as shown in FIG. 5, at the preparation step S1, a 
photosensitive glass substrate 110 which corresponds to the 
above-mentioned substrate body (110 in FIG. 1) is prepared. 
The photosensitive glass substrate 110 can be made of lithium 
silicate glass. Specifically, glass compositions as presented in 
Table 1 below can be used for the photosensitive glass sub 
Strate 110. 

TABLE 1 

Composition 1 (%) Composition 2 (%) 

SiO2 79.6 71.66 
Li2O 10 11 
Al2O3 4 6 
ZnO 2 
KO 4.3 6 
CeO, O.O14 O.04 
Ag2O O.12 O.15 
Sb2O3 0.4 0.4 
Na2O 1.6 2 
BO 0.75 

Afterwards, as shown in FIG. 6, at the photomask position 
ing step S2, a photomask 10 having a light-transmitting pat 
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tern 11 is disposed over the photosensitive glass Substrate 
110. The crystallinity of the photosensitive glass substrate 
110 and the shape of the pattern defined by a number of 
crystallized particles (120 in FIG. 7) are determined by the 
size and shape of the light-transmitting pattern 11 of the 
photomask 110. According to this exemplary embodiment, it 
is possible to pattern the light-transmitting pattern 11 of the 
photomask 10 such that the area defined by the number of 
crystallized particles (120 in FIG.7) ranges from 50 to 90% of 
the photosensitive glass substrate 110. When the number of 
crystallized particles (120 in FIG.7) is patterned in this range, 
it is possible to improve the light extraction efficiency while 
realizing an intended level of transmittance, for example, a 
transmittance of 50% or greater. 

Sequentially, at the exposure step S3, the photosensitive 
glass Substrate 110 is exposed to radiation through the pho 
tomask 10. According to this exemplary embodiment, the 
photosensitive glass substrate 110 is exposed to ultraviolet 
(UV) radiation. During the exposure, the UV radiation is 
radiated onto the photosensitive glass substrate 110 through 
the light-transmitting pattern 11 of the photomask 10. 

Finally, as shown in FIG. 7, at the crystallized particle 
forming step S4, the photosensitive glass substrate 110 that 
has been exposed radiation is heat-treated. When the photo 
sensitive glass substrate 110 that has been exposed radiation 
is heat-treated, metal ions in the exposed area of the photo 
sensitive glass substrate 110 that have been transited by the 
exposure are caused to react with photosensitive metal ions 
inside the photosensitive glass Substrate 110. Consequently, 
the metal ions are precipitated, and as shown in pictures of 
FIG. 8, the crystallized particles 120 made of SiO, LiO, or 
so on are formed around the precipitated metalions that act as 
nuclei in the exposed area of the photosensitive glass Sub 
strate 110. Here, the number of crystallized particles 120 
formed in this manner is patterned into a geometry corre 
sponding to that of the light-transmitting pattern 11 of the 
photomask 10. According to this exemplary embodiment, 
heat treatment conditions can be set such that the size of the 
formed crystallized particles 120 ranges from 10 to 100 nm in 
order to improve the light extraction efficiency while realiz 
ing an intended level of transmittance. In this manner, the size 
of crystallized particles 120 can be controlled by adjusting the 
heat treatment conditions. According to this exemplary 
embodiment, in order to control the size of the crystallized 
particles 120 in this range, the photosensitive glass Substrate 
110 that has been exposed to radiation can be heat-treated at 
a temperature ranging from 400 to 500° C. 

In the photosensitive glass Substrate 110 having the com 
position 1 in Table 1, the refractive index before the heat 
treatment was measured 1.502, and after the heat treatment 
for crystallization, an increase to 1.658 was measured. In the 
photosensitive glass Substrate 110 having the composition 2 
in Table 1, the refractive index before the heat treatment was 
measured 1.515, and after the heat treatment, an increase to 
1.658 was measured. 

In addition, since the number of crystallized particles 120 
is formed inside the photosensitive glass substrate 110, the 
surface of the photosensitive glass substrate 110 forms a 
high-flatness Surface having a surface roughness of 1 um or 
less. 

According to this exemplary embodiment, it is possible to 
fabricate the substrate 100 which includes the photosensitive 
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8 
glass substrate 110 and the crystallized particles 120 such that 
the substrate 100 has a refractive index of 1.65 or greater, a 
transmittance of 50% or higher and a surface roughness of 1 
um or less. The substrate 100 can be used not only as an 
external light extraction layer but also as an internal light 
extraction layer of the organic light-emitting device. 
When the substrate 100 is fabricated by the method of 

fabricating a Substrate according to this exemplary embodi 
ment, it is possible to further simplify the structure over a 
conventional organic light-emitting device in which external 
and internal light extraction layers are respectively formed on 
both Surfaces of a glass Substrate. This consequently makes it 
possible to realize structural firmness and preclude the exter 
nal and internal light extraction layers and the planarization 
film that would otherwise be provided separate from the glass 
Substrate, thereby simplifying the fabrication process and 
reducing the fabrication cost. 
The foregoing descriptions of specific exemplary embodi 

ments of the present invention have been presented with 
respect to the drawings. They are not intended to be exhaus 
tive or to limit the invention to the precise forms disclosed, 
and obviously many modifications and variations are possible 
for a person having ordinary skill in the art in light of the 
above teachings. 

It is intended therefore that the scope of the invention not be 
limited to the foregoing embodiments, but be defined by the 
Claims appended hereto and their equivalents. 

What is claimed is: 
1. A method of fabricating an organic light-emitting 

device, comprising: 
preparing a photosensitive glass Substrate; 
disposing a photomask having a light-transmitting pattern 

over the photosensitive glass Substrate; 
exposing the photosensitive glass Substrate to radiation 

through the photomask: 
heat-treating the photosensitive glass Substrate that has 

been exposed to the radiation, forming a number of 
crystallized particles in a pattern inside the photosensi 
tive glass Substrate; and 

disposing the photosensitive glass Substrate Such that light 
emitted from an organic light emitting diode is emitted 
outward through the photosensitive glass Substrate. 

2. The method according to claim 1, wherein the photosen 
sitive glass Substrate is made of lithium silicate-based glass to 
which a photosensitive metal is added. 

3. The method according to claim 2, wherein the photosen 
sitive metal comprises at least one of CeO2, Al2O. Ag and Sb. 

4. The method according to claim 1, wherein an exposure 
area exposed to the radiation ranges from 50 to 90% of the 
substrate body. 

5. The method according to claim 1, wherein a particle size 
of the number of crystallized particles ranges from 10 to 100 

. 

6. The method according to claim 1, wherein a refractive 
index of the substrate is 1.65 or greater. 

7. The method according to claim 1, wherein a visible 
transmittance of the substrate is 50% or higher. 

8. The method according to claim 1, wherein a surface 
roughness (Rs) of the Substrate is 1 um or less. 

k k k k k 


